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China accounts for a third of global nitrogen fertilizer 42 
consumption. Under an International Panel on Climate Change 43 
(IPCC) Tier 2 assessment, emission factors (EFs) are developed 44 
for the major crop types using country-specific data. IPCC 45 
advises a separate calculation for the direct nitrous oxide (N2O) 46 
emissions of rice cultivation from that of cropland and the 47 
consideration of the water regime used for irrigation. In this 48 
paper we combine these requirements in two independent 49 
analyses, using different data quality acceptance thresholds, to 50 
determine the influential parameters on emissions with which 51 
to disaggregate and create N2O EFs. Across China, the N2O EF 52 
for lowland horticulture was slightly higher (between 0.74% 53 
and 1.26 % of fertilizer applied) than that for upland crops 54 
(values ranging between 0.40% and 1.54%), and significantly 55 
higher than for rice (values ranging between 0.29% and 0.66% 56 
on temporarily drained soils, and between 0.15% and 0.37% on 57 
un-drained soils). Higher EFs for rice were associated with 58 
longer periods of drained soil and the use of compound 59 
fertilizer; lower emissions were associated with the use of urea 60 
or acid soils. Higher EFs for upland crops were associated with 61 
clay soil, compound fertilizer or maize crops; lower EFs were 62 
associated with sandy soil and the use of urea. Variation in 63 
emissions for lowland vegetable crops was closely associated 64 















produced consistent disaggregated N2O EFs for rice and mixed 66 
crops, showing that the use of influential cropping parameters 67 
can produce robust EFs for China. 68 
 69 
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 73 
1. Introduction 74 
Nitrous oxide (N2O) is an important greenhouse gas due to its 75 
global warming potential which, over a 100-year period, is 298 76 
times that of carbon dioxide (CO2), [Myhre et al., IPCC 5th 77 
Assessment Report, 2013]. Nitrous oxide contributes to 78 
stratospheric ozone depletion [Denman et al., IPCC, 2007] and 79 
its atmospheric concentrations continue to increase, mostly due 80 
to agriculturally related activities [Bouwman, 1990]. 81 
Soil N2O emission is highly variable in space, associated with 82 
heterogeneity in soil properties and agricultural management 83 
(e.g. water, nutrient, crop, tillage, and soil texture) [Brown et 84 
al., 2001; Velthof & Oenema, 1995]. Soil variables influencing 85 
the emission of N2O are soil moisture and readily available 86 
nitrogen (N) [Qin et al., 2010; Lu et al., 2006; Linn & Doran, 87 
1984] due to their influence on microbial activity and gas 88 















in also spatially variable emissions and uncertainties in overall 90 
estimates [IPCC, 2006; Bouwman et al., 2001; Luo et al., 91 
2013].  92 
National inventories employ emission factors (EFs) to 93 
determine N2O emissions. The IPCC Guidelines (IPCC, 2006) 94 
treat direct emission (from soil microbial processes) and 95 
indirect emission (from volatilization, leaching and runoff) 96 
separately. Furthermore, direct emissions due to crop 97 
management and from animal-deposited manure have a 98 
separate method. This study is concerned with direct soil 99 
emission associated with crop management.  100 
In China N2O emission factors for all agricultural land types are 101 
statistically derived from the average values of observed data 102 
(National Development and Reform Commission, 2012). The 103 
default Tier 1 IPCC methodology [IPCC, 2006] for direct soil 104 
N2O emission is a single EF based method for all types of 105 
arable drained agriculture, stating that N2O emissions are 1% 106 
(0.3-3.0% uncertainty) of N applied to soil, and 0.3% (0.0-0.6 107 
uncertainty) for flooded rice fields. This is based on a large and 108 
variable dataset, which makes it difficult to obtain accurate 109 
estimates [Bouwman et al, 2001; Lesschen et al., 2011]. If more 110 
specific EFs are produced, the national inventory can use these 111 
disaggregated factors in a Tier 2 assessment of emissions 112 
[IPCC, 2006]; these EFs can be developed for the major crop 113 















These specific EFs yield a more accurate emission estimate for 115 
a specific region compared to the default IPCC value. The 116 
IPCC advises using a separate calculation for N2O emissions 117 
from rice to that from cropland and a consideration of the 118 
irrigation regime. 119 
Estimates of N2O are reasonably consistent at the global scale, 120 
but lack of direct measurements in some areas makes national 121 
and sub-national estimates highly uncertain [Reay et al., 2012]. 122 
China is a large contributor of worldwide N2O emissions due to 123 
the country’s rank as the top global consumer of N fertilizer. In 124 
2007-2008, China accounted for 31% of global fertilizer N 125 
consumption [Heffer, 2013]. 126 
Estimates of N2O emissions in China [Lu et al., 2006] resulted 127 
from data collated from measurements from over 60 published 128 
experiments between 1982 and 2003. In order to focus on the 129 
emission of N2O resulting from the application of fertilizer, Lu 130 
et al. filtered the available data with the following rules: (1) 131 
include field studies carried out for more than or close to one 132 
year to account for seasonal variation [Bouwman, 1996]; (2) 133 
exclude N2O flux data from paddy fields since emission 134 
patterns from paddies are different from uplands; (3) exclude 135 
measurements taken from unplanted soils and organic soils 136 
which have high N2O emissions and can bias the mean; (4) 137 
exclude N2O emissions from fields growing N-fixing legumes 138 















The emission factors currently used in China are 0.0074 ± 140 
0.0061 for non-vegetable uplands; 0.0111 ± 0.0099 for rice-141 
upland crop rotation; 0.0030 ± 0.0029 for rice paddy, and 142 
0.0075 (0.00067-0.0284) kgN2O-N/kgN for vegetable fields 143 
and orchards (China/NGGI, 2014).  144 
A country as large as China will show a large regional 145 
variability in emissions as a result of the many climate types 146 
[Lu et al., 2006], generally with higher precipitation in East 147 
compared to West China. Croplands with high N application 148 
rates dominate in East China, whilst grasslands with a lower 149 
amount of N applied are common in West China.   150 
Globally 90% of rice land is temporarily flooded [Wassmann et 151 
al., 2009]. Temporary drainage during the season, for example 152 
paddy rice – upland crop rotations, reduces methane emissions 153 
but increases N2O emissions [Jianping & Cheodong, 2007]. 154 
Zheng et al, [2004] reported regional variation in N2O emission 155 
and showed that 80% of N2O emitted from the cropland of 156 
mainland China in the 1990s was from the humid regions 157 
receiving only 65% of the total national N input. Zheng et al. 158 
concluded that periodic wetting and drying of the soils due to 159 
water management, may greatly increase the N2O EFs during 160 
the drained periods and advice using a separate EF for various 161 
cropland categories; their analysis performed better than the 162 
default IPCC EF. On mixed cropland, the use of differentiated 163 















EFs accounting for separate crops or regional conditions has 165 
also performed better than the IPCC 2006 methodology.  166 
In this paper, two independent data analyses use the preceding 167 
ideas of disaggregation and cropland categories to produce N2O 168 
EFs for Chinese agriculture.  169 
The study collated N2O emissions data together with 170 
environmental data, including details of the duration of 171 
measurement of GHG emissions from experiments conducted 172 
in China and published in the last 30 years. The two different 173 
analyses of the data were used to examine how GHG emissions 174 
vary with different cropping systems. Rice was analysed 175 
separately from other crops, and in the context of different 176 
irrigation regimes.  177 
The two analyses differ in methodology and in the quality 178 
threshold for data accepted, especially in the duration of N2O 179 
flux measurement. We wanted to determine if the use of 180 
cropping parameters can produce a robust framework that will 181 
result in reasonably comparable EFs for Chinese agriculture 182 
despite the differences in analyses. The most influential 183 
parameters to N2O emission for Chinese agriculture and the 184 
highest and lowest N2O EFs were determined, and a regional 185 
















2. Materials and Methods 188 
Two methods of analysis were applied to derive EFs for mixed 189 
crops and rice using N-input sources and environmental factors. 190 
The first analysis (non-transformed data analysis) was based on 191 
good practise for emission calculation plus rules used in the 192 
literature [IPCC, 2006; Lu et al., 2006; Zheng et al., 2004; 193 
Lesschen et al., 2011].  The second analysis (transformed data 194 
analysis) was based on good practise plus the back 195 
transformation correction of log transformed emission data 196 
[Finney, 1941; Sichel, 1966; 2006]. These two methods 197 
contrast in showing different thresholds for data quality.  Using 198 
a large dataset, the non-transformed data analysis sets a high 199 
quality threshold for the data at the risk of eliminating a large 200 
proportion of data, whereas the transformed data analysis uses 201 
the majority of the experimental data that it collates from the 202 
literature, which produces averages from the large dataset used. 203 
For each method of analysis, two datasets were compiled, one 204 
for rice cropping and the other for mixed cropping (see 205 
supporting information tables S1 to S5 for the most influential 206 
cropping factors). The transformed data analysis comprised two 207 
separate categories of upland mixed crops (comparable with the 208 
non-transformed mixed cropping) and lowland vegetable crops, 209 
referred to as lowland horticulture. The datasets originate from 210 
Chinese agricultural emissions research collated from the 211 















mixed crops dataset are amount of fertilizer applied, N2O flux, 213 
number of days of measurements, fertilizer type, annual 214 
precipitation, annual temperature, location, SOC, pH, total N 215 
content, crop type, organic N type, soil texture and the 216 
reference for the experiment. Parameters included in the rice 217 
dataset are amount of fertilizer applied, N2O flux plus number 218 
of days of measurements, fertilizer type, annual precipitation, 219 
annual temperature, location, SOC, pH, total N content, organic 220 
N type, rice type and water regime.  221 
For mixed crops, 43 experimental studies were collated from 222 
the literature for the non-transformed data analysis, and 23 223 
studies were collated for the transformed data analysis. For rice 224 
cropping systems 32 experimental studies were collated from 225 
the literature for the non-transformed data analysis, and 15 226 
studies of rice were collated for the transformed data analysis. 227 
The non-transformed data analysis collated a greater number of 228 
experimental studies than the transformed data analysis, but it 229 
reduced the datasets used because not all met the data quality 230 
requirements. 231 
In both crop and rice analyses, a N2O EF was calculated as N2O 232 
emission from a fertilized plots minus the emission from an 233 
unfertilized plot (all other conditions being equal) expressed as 234 
a percentage of N applied. If the emission from a similar 235 
unfertilized plot was not available, we used the slope of the 236 















rates of N fertilizer. In a number of cases the experimental data 238 
could not be used due to a lack of emission data from 239 
unfertilized plots, plus a lack of emission data at different 240 
application rates of N. 241 
2.1 Non-transformed data analysis  242 
When considering countrywide emissions from mixed 243 
agricultural systems, it is not appropriate to use simple 244 
relationships between fertilizer N application rates and 245 
emissions [Bouwman et al., FAO report, 2001] due to the 246 
influence of differing climate, soil, crop and management 247 
conditions. The FAO report advises a different approach 248 
whereby the data set is summarized based on the factors that 249 
regulate N2O emissions. The factors selected by FAO include: 250 
climate, crop type, fertilizer type, application rate, soil pH, soil 251 
texture and drainage, measurement technique, and length of the 252 
measurement period.  The non-transformed data analysis 253 
adhered to this recommendation and used this data, using 254 
annual precipitation and annual temperature for the climate 255 
parameters. IPCC methodology and the FAO report also advise 256 
taking N2O measurements for a year to account for seasonal 257 
variation. This advice was taken into consideration, together 258 
with the wide range of measurement periods in the peer-259 
reviewed literature, and the most suitable threshold period of 260 
measurement was determined with which to eliminate datasets. 261 















to the data to determine a representative number of days of N2O 263 
measurement required for the analysis. 264 
Two- and three-factor linear regression analyses of flux versus 265 
all other environmental parameters were carried out to 266 
determine the most significant factors driving the emissions for 267 
both mixed crops and rice. ANOVA and REML (mixed model) 268 
(Payne et al., 2014) with a Bonferroni analysis were used to 269 
check if separate groups could be determined. Multiplication of 270 
the factors produced group means that were tested for 271 
similarities using a hierarchical cluster. The cluster analysis 272 
was used to determine separation between groups by 273 
classifying the groups for similarity, based on Euclidean 274 
distance between each pair of objects. The matrix from the 275 
cluster analysis produced a dendrogram (using average link 276 
criterion) which displays the agglomeration of group means as 277 
related to one another over an axis representing the percentage 278 
of multivariate similarity. The groups were assessed for 70, 90 279 
and 95% similarity. The same procedure was carried out for 280 
both mixed crops and rice datasets. From a visual check of the 281 
resulting dendrograms, a level of 95% similarity was chosen. 282 
For each combined group the corresponding EF was calculated 283 
by subtracting the N2O flux produced from the treatment minus 284 
the background flux (no N applied) for the same experiment 285 















EFs (expressed in % N2O per N applied) were used to calculate 287 
the mean for each dendrogram similarity group. 288 
The statistical package used for the non-transformed data 289 
analysis was Genstat version 17 (VSN International, 2014). 290 
2.2 Transformed data analysis  291 
In this analysis, the crop specific or overall EF for upland 292 
crops, vegetable crops and rice paddy, and their sub-groups 293 
were calculated based on a common influencing factor to N2O 294 
emission.  295 
Dependence of N2O emissions on soil N inputs was estimated 296 
by using the arithmetic mean (AM) and geometric mean (GM) 297 
of EFs. The group means were estimated to obtain the original 298 
data’s AM as a reference value.  299 
A GM, unlike an AM, tends to dampen the effect of very high 300 
or low values, which might bias the mean if AM were 301 
calculated. If data is highly skewed the extreme observations 302 
have a large influence on the arithmetic mean, making it more 303 
prone to sampling error. Lessening this influence is one 304 
advantage of using transformed data. The frequency 305 
distribution of EFs for paddy fields, upland crops and 306 
vegetables are not normally distributed so we transformed the 307 
EF data by taking the natural log of EF. Then the group means 308 
were estimated to obtain the log transformed data’s GM. The 309 















transformed by taking the antilog ( expGMY = ) and reported as 311 
uncorrected GM (GMuncorr). However, reporting the antilog 312 
of the estimated mean for the log transformed data without 313 
considering the bias gives a very low value as it is the 314 
geometric mean rather than the arithmetic mean. To allowing 315 
for bias incurred in back-transformation, we need to convert the 316 
geometric mean to an arithmetic mean for the log transformed 317 
data, and for this we use Sichel’s t estimator, or the Finney 318 
formula [Sichel, 1966; Finney, 1941]. An adjustment to the GM 319 
was done by adding half the variance of the transformed values 320 
to the GM before back-transformation (expGM+0.5Variance ) . This 321 
was reported as the corrected GM (GMcorr).  After an initial 322 
comparison of AM, GMuncorr and GMcorr, simply the AM 323 
and GMcorr were reported. 324 
The statistical package used for the transformed data analysis 325 
was IBM SPSS Statistics edition 19.0 [IBM, 2010].  326 
 327 
3. Results 328 
3.1 Non-transformed data analysis  329 
3.1.1 Three-factor groups and dendrograms 330 
A hierarchical cluster analysis determined that 120 and 200 331 
days of data measurement period were representative 332 
thresholds of data acceptance for rice and mixed crops, 333 















Multiple regression determined influencing factors on the N2O 335 
flux. Data for rice (n=63) showed variation in flux is associated 336 
with 3 statistically significant factors in combination: fertilizer 337 
type (R2 = 0.320; p < 0.001); fertilizer type and water regime 338 
(R2 = 0.406; p < 0.001); fertilizer type, water regime and crop 339 
type (R2 = 0.460; p < 0.001).   Data for mixed crops (n=68) 340 
showed variation in flux is associated with 3 statistically 341 
significant factors in combination: fertilizer type (R2 = 0.297; p 342 
< 0.001); fertilizer type and soil texture (R2 = 0.597; p < 0.001); 343 
fertilizer type, soil texture and crop type (R2 = 0.727; p < 344 
0.001). We produced 28 x 3-factor combined groups of data for 345 
rice, and 109 x 3-factor combined groups for mixed crops.  346 
The resulting dendrograms of rice and mixed crops from the 347 
cluster analysis of 3-factor combinations are shown in Fig. 1a,b 348 
and Fig. 2a,b,c, respectively. At 95% similarity there are 8 349 
groups of 3-factor combinations, listed along the dendrogram 350 
axis. Knowing these factors are influential for N2O emissions, 351 
and have similarity within their dendrogram group, the EFs 352 
calculated from available data can then be extrapolated to 353 
within-dendrogram combined factors.  354 
The calculated N2O EFs for dendrogram groups are shown in 355 
Tables 1 (rice) and 2 (mixed crops). Some groups had no data 356 
available and some groups had only emissions data for zero N, 357 
so EFs could not be determined. Some groups had two sources 358 















background emission, or obtained from a regression of same-360 
experiment emissions from differing N applications.  361 
For rice, the dendrograms 1-8 in Figs 1a and b are to be viewed 362 
in conjunction with the EFs for dendrograms 1-8 shown in 363 
Table 1. For mixed crops, the dendrograms 1-8 in Figs 2a, b 364 
and c are to be viewed in conjunction with the EFs for 365 
dendrograms 1-8 shown in Table 2. 366 
3.1.2 N2O EFs for rice 367 
For rice, EFs ranged from 0.15% to 1.0% of applied N fertilizer 368 
(Table 1), but the extremes of 0.15% (from continuously 369 
flooded soil) and 1.0% (with intermittent irrigation) were from 370 
single experiments of differing N application. The majority of 371 
rice emissions were between 0.37% and 0.66%, with supressed 372 
emission from continuously flooded soil from 0.15% to below 373 
0.37%. The higher EF of 0.66% (dendrogram no. 2) was 374 
populated by ammonium or compound fertilizers or highly acid 375 
soils. The lower EF of 0.37 (dendrogram no. 4), was populated 376 
by urea and continuously flooded soils.  377 
3.1.3 N2O EFs for crops 378 
Mixed crop EFs ranged from 0.4% to 1.4% of applied N 379 
fertilizer (Table 2). The lowest EF was from the combined 380 
groups in the same dendrogram as urea applied to wheat on a 381 
sandy loam soil (dendrogram no. 3 in Table 2 and Fig. 2b). 382 















urea in the transformed data analysis for mixed crops, and is 384 
expected in the case of a freely draining soil. Two different 385 
dendrogram groups had a high EF of 1.4%. One group 386 
encompassed similarity groups to urea applied to corn on clay 387 
soils (dendrogram no. 2 in Table 2 and Fig. 2b). Clay and corn 388 
have been reported as influential factors on higher N2O 389 
emissions [Crutzen et al., 2007; Bouwman et al., 2001]. A more 390 
surprising similarity group in dendrogram no. 2 is urea applied 391 
to wheat to a silty-sand soil, since sandy soil is free draining, 392 
although it is difficult to know the proportion of sand from 393 
experiments in the literature. The other high EF of 1.4% was 394 
the combination of urea applied to a clay soil growing maize 395 
(dendrogram no. 8 in Table 2 and Fig. 2c). This combination of 396 
factors appears very similar to the other high EF combination in 397 
dendrogram no. 2 (corn, i.e. maize, grown on a clay soil), but 398 
some experimental data was labelled ‘corn’ and some ‘maize’, 399 
and when assessed for effects on N2O emission the multi-factor 400 
group cluster analysis determined them as statistically separate 401 
groups.  402 
Dendrogram similarity groups to compound fertilizer applied to 403 
a clay soil for a wheat crop gave a higher EF of 1.0%. 404 
Dendrogram similarity groups to urea applied to a clay soil for 405 
a rape crop gave a lower EF of 0.8%. These findings are 406 
supported by the transformed data analysis.  This analysis set 407 















much data that only not all dendrogram groups could be 409 
distinguished but the dendrograms available encompass the 410 
majority of crop and environmental data.  411 
3.2 Transformed data analysis  412 
3.2.1 N2O EFs for rice 413 
The EF for rice (Table 3) was calculated initially in three ways, 414 
using the reference value of AM, with GMuncorr and GMcorr. 415 
The AM using original data was 0.34%. Using normalized data 416 
for the EF, GMuncorr was only 0.18%, but GMcorr was 0.39%. 417 
In initial results, not shown, for rice, upland crops and lowland 418 
horticulture, GMuncorr was consistently much lower than the 419 
reference AM, and GMcorr was similar to the AM. Therefore 420 
after the initial analysis for rice, only the AM and GMcorr for 421 
each crop sector are reported. 422 
Transformed data analysis EF for rice overall was between 423 
0.24% and 0.44% (AM), or between 0.29% and 0.52% 424 
(GMcorr). 425 
3.2.2 Influencing factors of N2O EF for rice 426 
In a statistical F-test for influencing factors, location had no 427 
significant association with rice N2O EFs (F(2, 70) = 0.167; p = 428 
0.847), whereas water regime was significantly associated with 429 
rice N2O EFs (F(1,53) = 6.187; p = 0.001). This is supported by 430 
Zou et al. [2005] who concluded that N2O emissions from rice 431 















management patterns currently practiced in China’s rice 433 
paddies are continuous flooding (CF), flooding-midseason 434 
drainage-flooding, otherwise termed here intermittent 435 
saturation (IS), and flooding- midseason drainage-flooding-436 
moist intermittent irrigation but without water logging, termed 437 
here intermittent irrigation (IM) [Huang et al., 2004; Zou et al., 438 
2007]. Water regime specific N2O EFs were calculated based 439 
on 73 paired data for fertilized and background measurements 440 
(Table 4). EFs calculated by normalizing distribution and bias 441 
correction (GMcorr) were higher under IM (0.29%) and IS 442 
(0.64%) water regimes than CF (0.12%). N2O emission gave a 443 
weak relationship with applied N for CF (n = 36; R2 = 0.382; p 444 
= 0.019). N2O emission was significantly associated with N 445 
fertilizer input (n = 66, 30; R2 = 0.502, 0.614; p<0.005) for the 446 
emissions of IM and IS, respectively. Since the 1980s, about 447 
12-16%, 77% and 7-12% of paddy fields have been under the 448 
water regimes of CF, IM and IS, respectively.  449 
N fertilizer type was significantly associated with the N2O EF 450 
of rice (F(1,3) = 23.367; p = 0.001). Table 5 shows N fertilizer 451 
type, water regime and pH specific N2O EF for rice. The 452 
highest EF of 1.79% (GMcorr) came from an application of 453 
mixed or compound fertilizer in a neutral pH soil, but the 454 
irrigation scheme was unknown and could therefore have been 455 
a contributory factor. The lowest EF of 0.13% (GMcorr) was 456 















in neutral pH soil, both under the IS irrigation regime (i.e. 458 
flooding-midseason drainage-flooding).  459 
3.2.3 N2O EFs for upland crops 460 
N2O EFs for all upland crops were calculated (Table 6) using 461 
AM and GMcorr. The AM using original data was 0.77% with 462 
a confidence limit of 0.01 to 3.63. Mean GMcorr EF for mixed 463 
crops was 0.92% with a narrower confidence limit of 0.56 to 464 
1.54.  465 
Transformed data EF for upland crops was between 0.01 and 466 
3.63 (AM), and between 0.56% and 1.54% (GMcorr). 467 
3.2.4 Influencing factors of EF for upland crops 468 
The N2O emissions data for upland crops is based on 104 469 
experiments from the central south, east, north, northeast and 470 
northwest regions of China. Predominant crops were maize, 471 
wheat, rape, soybean and upland rice. The regional N2O EFs 472 
(GMcorr), showed significant variation (Fig. 3) with the highest 473 
EF of 1.8 from the northwest region followed by 1.3 for the 474 
east region and the lowest EF of 0.2 from the central south 475 
region. With data from only 2 experiments from the northeast, 476 
the N2O EF for northeast region showed the highest 477 
uncertainty. The collated dataset contained no experiments 478 
located in the south-west. 479 
Wheat and maize were predominant, with 38 experiments for 480 















regional variation. Wheat showed significant regional variation 482 
(F(5,94) = 18.532; p = 0.005) with the highest GMcorr EF of 483 
2.2% from the northwest region followed by 1.6 for the east 484 
region, and the lowest EF of 0.2% from the northeast region 485 
(Fig. 4). Unlike wheat, N2O EF for maize did not show 486 
significant regional variation (F(4, 71) = 1.752; p = 0.154); 487 
maize data are not shown. 488 
Countrywide EFs were determined (Table 7) for different crops 489 
combined with N fertilizer type and soil texture (determined by 490 
analysis as the most influential variables on EFs). EFs for 491 
upland crops varied significantly with soil texture, the highest 492 
GMcorr EF (1.76%) being from a silty clay soil. The lowest 493 
overall N2O EF was from sandy loam.  494 
3.2.5 N2O EFs for lowland horticulture 495 
Regressions of N2O emission from lowland horticulture 496 
(vegetable crops) showed significant association with N 497 
fertilizer application rate (n = 26; R2 = 0.58; p < 0.05). EFs for 498 
these crops (Table 8) were calculated using AM and GMcorr 499 
methods. The AM using original data was 0.93% of applied N 500 
fertilizer. The GMcorr EF using normalized data was 0.96% 501 
of applied N fertilizer.  502 
Transformed data analysis showed that the EF for lowland 503 
horticulture was between 0.69 and 1.17 (AM), and between 504 















Comparing crops, N2O EFs (GMcorr) were highest for 506 
Chinese cabbage (1.23%) and lowest for tomato (0.29%), see 507 
Figure 5.  508 
 509 
For an overall view of all crop sectors’ EFs, Tables 3, 6 and 8 510 
give the confidence limits for the main countrywide 511 
disaggregation by rice, upland crops and lowland horticulture. 512 
 513 
4. Discussion 514 
4.1 Rice 515 
We compared our results with published emission factors. 516 
Under IPCC [2006] guidelines the uncertainty range for EFs 517 
for rice grown in a standard flooded soil is 0.0-0.6%. Akiyama 518 
et al. [2005] report N2O EF during the rice-cropping season as 519 
0.22% for fertilized fields continuously flooded, 0.37% for 520 
fertilized fields with mid-season drainage, and 0.31% for all 521 
water regimes. Gao et al. [2011] report an EF of 0.41% for 522 
paddy fields. Zheng et al. [2004] report an EF of 0.75% for 523 
paddy rice during the growing season. The literature gives a 524 
range of values which support our findings. From these results 525 
we confirm that it is important to use a water regime specific 526 
N2O EF for an accurate assessment of national N fertilizer 527 
induced N2O emission from rice paddies [Jianping & 528 















N2O emission varies significantly with the type of N fertilizer. 530 
Using the transformed dataset, in 85% of cases urea was the N 531 
fertilizer. Mixed N fertilizer, ammonium sulphate (AS) and 532 
ammonium bicarbonate (AB) was used in 2.8%, 10% and 4% 533 
of cases, respectively. Although having limited data, our 534 
analysis gave higher emissions from mixed fertilizer, e.g. 535 
compound fertilizer as basal and urea as top dressing. Lower 536 
emissions were observed from applications of AS or urea. 537 
These results are supported by the findings using the non-538 
transformed data. Since a low number of cases use mixed 539 
fertilizer, commonly listed with unknown irrigation and soil 540 
texture parameters, it is not possible to tell from the 541 
experiments if mixed fertilizer is responsible for higher EFs or 542 
if there are other contributing factors.    543 
 544 
4.2 Mixed Crops 545 
Zhang et al. [2010] report high N2O emissions mainly 546 
concentrated in the North China Plain and Sichuan Basin 547 
(central-south). However, provinces with high N2O emissions 548 
per unit arable land area were mainly in the North China Plain 549 
and the Southeast coastal area. Gao et al. [2011] report 550 
provinces with high emissions predominantly in the eastern 551 
region and advised using region specific EFs if sufficient data 552 
is available. Our analysis has found higher emissions, generally 553 















Higher northern EFs may reflect flood irrigation on wheat, a 555 
common practise on the North China plain (Cui et al., 2012). 556 
Higher eastern EFs may reflect the higher population and 557 
higher N application (Lu et al., 2006), and being located in the 558 
humid climate region which has a bearing on higher N2O 559 
emission (Zheng et al., 2004). Soil, climate and traditional 560 
management vary spatially in a large country like China, the 561 
use of crop specific and region specific EFs can significantly 562 
decrease the uncertainty in estimated EFs. 563 
Gao et al. [2011] reported the EF for upland crops to be 1.05%. 564 
Lu et al. [2006] reported the EF for mixed crops to be 0.92%. 565 
Zhang et al. [2004] reported the EF for wheat as 0.26% - 566 
0.34%. The estimates for Gao et al. and Lu et al. fall in the 567 
middle of our non-transformed and transformed corrected 568 
values. A 4-year study of vegetable cultivation in the Yangtze 569 
River delta reported emission factors of 0.59 to 4.98%, with a 570 
mean of 2.88% [Mei et al., 2011]. Our lowland horticulture 571 
values fall within the limits of these estimates with a smaller 572 
maximum value. 573 
We collated all the environmental factors common to the 574 
experimental data and assessed them for influence on N2O 575 
emissions. There are reports of other factors influencing 576 
variation in EFs. Bouwman et al. [2001] report major factors 577 
controlling N2O emissions include N application rate and 578 















were largely responsible for temporal and spatial variability in 580 
the EFs they measured. In our study, analyses carried out 581 
separately using non-transformed and transformed data both 582 
found only minor associations with annual precipitation and 583 
annual temperature. 584 
Our results for the different crop types and conditions show 585 
that, despite the analyses using different datasets, having 586 
different methodologies and different thresholds of data quality 587 
acceptance, they gave similar values for EFs in the range of 588 
other published studies, giving confidence that  our results can 589 
be used to improve the estimate of  emissions in China. 590 
Generally, for rice our EFs are similar to the values currently 591 
used to compile the greenhouse gas inventory in China; for 592 
mixed crops, values are also similar to those used in China but 593 
looking at the ranges, our lower values (0.4 and 0.56%) are 594 
greater than currently used values (0.13%).For vegetables our 595 
results are generally smaller than those currently used in the 596 
inventory under vegetables (China/NGGI, 2014). 597 
 598 
5. Conclusion 599 
To summarize our overall findings, between the two analyses 600 
transformed data has a low threshold for data quality 601 
acceptance (short-term experiments can be included), and the 602 
non-transformed data has a high threshold for data quality 603 















of a year and mixed crops emission measurements for over a 605 
half year). For mixed crops, the non-transformed data method 606 
determined that fertiliser type, soil texture and crop type are 607 
influential, and the method reported high EFs for clay soil or 608 
maize crops. The transformed data was split into upland mixed 609 
crops (predominantly wheat and maize) and lowland 610 
horticulture. The transformed data method determined that for 611 
upland crops location is an influential factor, and reported high 612 
EFs in north-west and east China. It determined that, for 613 
lowland horticulture, fertiliser rate and crop type are important, 614 
and it reported high EFs for Chinese cabbage. For rice, both 615 
methods determined that the water regime and fertiliser type 616 
are influential factors, and reported higher EFs for irrigation 617 
with longer periods of drained soil and compound fertilizer 618 
(only on drained soil). For the transformed data method the 619 
amount of fertiliser was also influential but not for 620 
continuously flooded paddy fields. 621 
The N2O EF from lowland horticulture is slightly higher 622 
(transformed data analyses gave between 0.74% and 1.26 % 623 
countrywide) than upland crops (non-transformed and 624 
transformed data analyses gave 0.40% and 1.54%), and EFs for 625 
both lowland horticulture and upland crops are significantly 626 
higher than those for rice (non-transformed and transformed 627 
data analyses gave values from 0.29% to 0.66% on temporarily 628 















We conclude that the two independent analyses in this study 630 
produced consistent disaggregated N2O EFs for rice and mixed 631 
crops, and support the use of the most influential cropping 632 
parameters on emissions to robust EFs for China. 633 
Experimental studies covering longer measurement periods and 634 
including a control with no N application will help to increase 635 
the accuracy of these EFs. 636 
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Fertiliser Water regime Acidity-
Alkalinity 
EF, % 
1 Mix Continual 
flood 
Low acid Insufficient quality data 
2 Mix Int  irrigation High acid 0.66 
NH4 Int irrigation Low acid 
Urea Int irrigation Low acid 
Mix Int irrigation Neutral 
Urea Int irrigation High acid 
3 No fertilizer Int  irrigation High acid Control data (zero N)  
4 Unknown Int irrigation Low acid 0.37 
Urea Keep wet Low acid 
Urea Int irrigation Unknown 
4 Unknown Int  irrigation Low acid 1.00a 
4 Urea Keep wet Low acid 0.15a 
5 Mix Int irrigation Low acid Insufficient quality data 
6 Unknown Keep wet Alkaline Insufficient quality data 
7 Mix Int irrigation Unknown Insufficient quality data 
8 Urea Unknown High acid Insufficient quality data 
Int irrigation = Intermittent irrigation. 3 







































1 Wheat No fertilizer Clay loam All exptl. 
data has zero 
N application 
2 Corn Urea Clay 1.4 
Wheat Urea Silty sand 
Wheat Urea Clay 
Wheat Urea Silty clay 
2 Wheat Urea Silty clay 0.71a 
3 Wheat Urea Sandy Loam 0.4 
Soybean Urea Clay 
4 Wheat Urea Loam Insufficient 
quality data 
5 Rape Urea Silty sand Insufficient 
quality data 
6 Wheat Mix Clay loam 1.0 
7 Rape Urea Clay 0.8 
8 Maize Urea Clay 1.4 





























Table 3. Overall N2O Emission Factor (EF) for rice (transformed data) 32 
 Metric used Method of analysis 
 Emission Factor 









0.34 .25 .44 




(y = ln(X)) 











(y = ln(X)) 












































Table 4. Water regime specific N2O Emission Factors (EF) for rice (transformed data). 56 
 EF 
(% of applied N) 
 























Abbreviation: Water regime: CF- continuously flooded; IM - Intermittent irrigation; 57 


































Table 5: Nitrogen type, water regime and pH class specific N2O Emission Factors (EF) 78 
for rice (transformed data). 79 
 EF (% of applied N) 
 
N type AB AS Mix Urea 
Water 
regime 
IS IS UN CF IM IS UN 
pH class N N L N H N N H N L H N 
AM 0.79 0.12 0.16 1.77 0.15 0.03 0.63 0.18 0.27 0.11 0.13 0.52 
GMcorr  0.82 0.13 0.28 1.79 0.16 0.03 0.72 0.22 0.31 0.13 0.14 0.53 
Abbreviation: Nitrogen type: AB: Ammonium bicarbonate; AS: Ammonium sulphate; Mix: 80 
compound fertilizer. Water regime- IM-Intermittent irrigation; IS: Intermittent saturation of 81 

































Table 6. Overall N2O Emission Factor (EF) for upland crops of China (transformed 101 
data). 102 
Metric used Method of analysis 
 EF 





AM Reference data 0.77 0.01 3.63 
 GMcorr  
 
Data transformed 
(y = ln(X)) 












































Table 7. Crop, nitrogen fertilizer type and soil texture specific N2O Emission Factor 126 
(EF) for upland crops (transformed data). 127 
 128 
Abbreviation. Fertilizer nitrogen type: AB: Ammonium bicarbonate; AS: Ammonium 129 
sulphate; NO3: Ammonium nitrate; Mix: compound fertilizer. Soil texture: SC: Silty Clay; 130 









Crop Fertilizer Soil Texture    AM EF GMcorr EF 
Peanut Urea UN 0.33 0.33 
Maize AS,Mix,NO3,UN UN 0.32, 0.22, 0.10, 1.37 0.32, 0.22, 0.11, 1.37 
  Urea CL, L, SL, SiL 0.77, 0.21, 0.57, 0.47 0.77, 0.23, 0.59, 0.48 
  Urea UN 0.25 0.32 
Pea Urea UN 0.25 0.25 
Rape UN UN 1.67 2.17 
  Urea SL, UN 0.45, 0.09 0.46, 0.09 
Soybean Urea UN 0.64 0.64 
Upland rice Urea UN 0.13 0.13 
Wheat Mix SL 0.60 0.60 
  UN UN 0.58 0.86 
  Urea CL, SL, SC, SiL 0.14, 0.12, 1.76, 0.75 0.14, 0.12, 1.76, 1.30 
  Urea UN 1.15 2.35 
Wheat-Maize UN SL 1.24 1.25 
  UN UN 0.98 0.99 
Average of 















Table 8. Overall N2O Emission Factor (EF) for lowland horticulture in China 140 
(transformed data). 141 
 Metric used Method of analysis 
 Emission Factor 









(y = ln(X)) 









































Figure captions 162 
Figures 1a and b. Dendrogram of rice 3-factor groups (non-transformed data). 1a shows 163 
dendrogram groups 1-3 and 1b shows groups 4-8. Dendrogram numbers relate to dendrogram 164 
numbers in Table 1. Group names arranged in order of fertilizer-irrigation-soil. ’No’ in factor 165 
descriptors refers to none, e.g. no fertilizer. 166 
 167 
Figures 2a, b and c. Dendrogram of mixed crops 3-factor groups (non-transformed data). 2a 168 
shows dendrogram group 1, 2b shows groups 2-3, 2c shows groups 4-8. Dendrogram 169 
numbers relate to dendrogram numbers in Table 2. Group names arranged in order of crop-170 
fertilizer-soil. 171 
 172 
Figure 3. Region specific N2O Emission Factors (EF) for upland crops (transformed data). 173 
Abbreviation: CS-Central south including 4 provinces (Guangdon, Henan, Hubei, Hunan), E-174 
East including 4 provinces (Jiangsu, Jiangxi, Shandong, Shanghai), N-North including 4 175 
provinces (Beijing, Hebei, Inner Mongolia, Shanxi), NE- Northeast including 2 provinces 176 
(Heilongjiang, Liaoning), NW- Northwest including 1 province (Shaanxi). 177 
 178 
Figure 4. Region specific N2O Emission Factors (EF) for wheat (transformed data). 179 
Abbreviation: CS-Central south including 4 provinces (Guangdon, Henan, Hubei, Hunan), E-180 
East including 4 provinces (Jiangsu, Jiangxi, Shandong, Shanghai), N-North including 4 181 
provinces (Beijing, Hebei, Inner Mongolia, Shanxi), NE- Northeast including 2 provinces 182 
(Heilongjiang, Liaoning), NW- Northwest including 1 province (Shaanxi). 183 
 184 























































































































• Disaggregated nitrous oxide emission factors create a more robust IPCC Tier 2 
approach 
• Influential cropping factors give consistent emission factors for Chinese agriculture 
















Supporting information 1 
Data used to produce our findings are listed in tables S1 to S5, with references of the data 2 
listed below, further parameters can be obtained upon request from Xiaoyuan Yan, Chinese 3 
Academy of Sciences yanxy@issas.ac.cn (untransformed and transformed dataset), or Anita 4 
Shepherd, Rothamsted Research anita.shepherd@rothamsted.ac.uk (untransformed dataset) 5 
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Table S1. Non-transformed dataset for Rice N2O emission 
Key: Cropping season – Early: early season crop; Late: late season crop; Single: only one crop grown in season. 
Water regime- IM:Intermittant irrigation; IS:Intermittant saturation of soil; CF: continuous flooding. 
N fertilizer type - N fertilizer type: NH4: ammonium, AB: Ammonium bicarbonate; AS: Ammonium sulphate; Mix: compound fertilizer. 
UN:Unknown 
No soil texture data for rice 









N fertilizer  
(kg N/ ha/  
season) 
Flux  
(kg N2O –N/  
ha/season)







Beijing Single IM Urea 225 0.136 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Beijing Single IM Urea 180 1.627 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Beijing Single IS Urea 225 2.088 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Beijing Single IS Urea 180 1.936 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Beijing Single IS Urea 225 2.421 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Beijing Single IS Urea 180 2.441 Acid 577;14 2001-2;150 *Kreye et al., 2007 
Guangdong Late IM Mix 527 1.016 UN 1700;22.8 2003;100 *Liu et al., 2006 
Guangdong Late CF Urea 141 0.162 Acid 1700;22.8 1995;100 *Lu et al., 1997 
Guangdong Late IM Urea 141 0.281 Acid 1700;22.8 1995;100 *Lu et al., 1997 
Guangdong Late IM Urea 141 1.322 Acid 1700;22.8 1995;100 *Lu et al., 1997 













Guangdong Early UN Urea 78 0.149 Acid 1700;22.8 1994;90 *Yang et al., 1996 
Guangdong Early UN Urea 78 0.247 Acid 1700;22.8 1994;90 *Yang et al., 1996 
Guangdong Late  IM Mix 286 3.889 Acid 1700;22.8 1995;90 *Yang et al., 1997 
Guangdong Late IM Mix 142 0.631 Acid 1700;22.8 1995;90 *Yang et al., 1997 
Heilongjiang Single IM None 0 0.662 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 150 0.922 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 60 0.691 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 250 1.555 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 150 1.469 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 250 3.629 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single IM UN 150 2.333 Acid 570;3 2004-6;120 Chen et al., 2005 
Heilongjiang Single UN Urea 65 0.230 neutral 520;3 2001;126 *Liang et al., 2009 
Heilongjiang Single UN Urea 65 0.559 neutral 520;3 2001;126 *Liang et al., 2009 
Heilongjiang Single CF Urea 95 0.353 neutral 550;3 2004;125 *Yue et al., 2005 
Heilongjiang Single CF Urea 95 0.145 neutral 550;3 2004;125 *Yue et al., 2005 
Heilongjiang Single IM Urea 95 0.495 neutral 550;3.0 2004;125 *Yue et al., 2005 
Henan Single IM Mix 366 4.375 Alkaline 615;13.9 1994;105 *Cai et al., 1999 
Henan Single IM Mix 366 1.993 Alkaline 615;13.9 1994;108 *Cai et al., 1999 
Henan Single IM Mix 366 1.690 Alkaline 615;13.9 1994;108 *Cai et al., 1999 
Hunan Early IM None 0 0.991 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late IM None 0 0.232 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early IM Urea 150 1.354 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late IM Urea 180 2.014 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early IM Urea 150 1.382 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late IM Urea 180 1.019 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early IM Urea 150 1.932 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late IM Urea 180 1.189 Acid 1350;17 2004;106-126 Qin et al., 2006 













Hunan Early IM Mix 138 0.428 Acid 1436;16.8 2006;85 *Xiao et al., 2007 
Hunan Early IM Mix 138 0.357 Acid 1436;16.8 2006;85 *Xiao et al., 2007 
Jiangsu Single IM NH4 150 0.159 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IM NH4 300 0.580 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IM None 0 0.128 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IM Urea 150 0.160 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IM Urea 300 0.920 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IM None 0 0.597 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM Urea 100 0.772 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM Urea 200 0.665 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM Urea 300 0.739 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM Urea 200 0.824 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM NH4 191 1.520 Acid 650;7.1 1993;60 *Chen et al., 1995 
Jiangsu Single IM Urea 300 4.800 Acid 570;3 2004-6;120 *Chen et al., 2005 
Jiangsu Single CF Mix 277 0.064 Acid 1100;15.4 2000;123 *Jiang et al., 2003 
Jiangsu Single CF Mix 277 0.032 Acid 1100;15.4 2000;123 *Jiang et al., 2003 
Jiangsu Single IM Mix 277 2.374 Acid 1100;15.4 2000;123 *Jiang et al., 2003 
Jiangsu Single IM Mix 277 2.361 Acid 1100;15.4 2000;123 *Jiang et al., 2003 
Jiangsu Single IM Mix 277 0.305 Acid 1100;15.4 2000;123 *Jiang et al., 2003 
Jiangsu Single IM Urea 300 2.480 Neutral 1018;18 2007;123 *Li et al., 2009 
Jiangsu Single IM Mix 200 2.910 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 270 1.830 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 200 2.800 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 270 5.250 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 200 1.840 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 270 4.240 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 270 4.380 Acid 1177;15.7 2003-5;130 Ma et al., 2008 













Jiangsu Single IM Mix 270 4.340 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 200 1.050 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 200 0.550 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Mix 270 0.730 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.460 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.400 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.450 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.320 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.510 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM None 0 0.200 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Urea 150 1.101 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Urea 150 0.245 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IM Urea 150 0.465 Acid 1177;15.7 2003-5;130 Ma et al., 2008 
Jiangsu Single IS UN 225 12.60 Alkaline 582;13.1 2001;140 *Xu et al., 2000 
Jiangsu Single IS UN 225 11.10 Alkaline 582;13.1 2001;140 *Xu et al., 2000 
Jiangsu Single IS UN 225 2.150 Alkaline 582;13.1 2001;140 *Xu et al., 2000 
Jiangsu Single IM NH4 191 1.243 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM NH4 191 3.450 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM None 0 0.463 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM None 0 0.501 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM Urea 161 1.000 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM Urea 191 1.920 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM Urea 333 4.136 Acid 1100;15.4 2001;117 Zou et al., 2003 
Jiangsu Single IM NH4 191 1.723 Acid 1100;18 2002;117 Zou et al., 2005 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2002;117 Zou et al., 2005 
Jiangsu Single IM Urea 150 2.670 Acid 1100;18 2002;117 Zou et al., 2005 
Jiangsu Single IM Urea 300 4.440 Acid 1100;18 2002;117 Zou et al., 2005 













Jiangsu Single IM Urea 150 2.970 Acid 1100;18 2002;117 Zou et al., 2005 
Jiangsu Single IM Urea 225 3.790 Acid 1100;18 2002;117 Zou et al., 2005 
Jiangxi Early IM None 0 0.395 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM None 0 0.299 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM None 0 0.233 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM None 0 0.261 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM Urea 276 1.189 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM Urea 276 2.806 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM Urea 276 0.285 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Early IM Urea 276 0.341 Acid 1770;18 2000;70-98 Xiong et al, 2002 
Jiangxi Late UN Urea 265 0.043 Acid 1770;18 1993-4;85 *Xu et al., 1999 
Jiangxi Late UN Urea 265 0.114 Acid 1770;18 1993-4;85 *Xu et al., 1999 
Jiangxi Late UN Urea 265 0.223 Acid 1770;18 1993-4;85 *Xu et al., 1999 
Liaoning Single CF Urea 172 0.015 Acid 650;7.1 1993;60 *Chen et al., 1995 
Liaoning Single CF Urea 172 0.038 Acid 650;7.1 1993;60 *Chen et al., 1995 
Liaoning Single CF Urea 172 0.025 Acid 650;7.1 1993;100 *Chen et al., 1995 
Liaoning Single CF Urea 163 0.034 Acid 650;7.1 UN;132 *Yu et al., 2004 
Liaoning Single CF Urea 163 0.034 Acid 650;7.1 UN;132 *Yu et al., 2004 
Liaoning Single IS Urea 163 0.193 Acid 650;7.1 UN;132 *Yu et al., 2004 
Liaoning Single IS Urea 163 0.118 Acid 650;7.1 UN;132 *Yu et al., 2004 
Liaoning  Single IM None 0 1.210 UN 650;7.1 2004;138 Wang, C. et al., 2006b 
Liaoning  Single IM Urea 150 1.800 UN 650;7.1 2004;138 Wang, C. et al., 2006b 
Shanghai  Single IM Mix 275 2.991 Neutral 1180;184 2005-6;147 Huang, 2007 
Shanghai  Single IM No 0 0.871 Neutral 1180;184 2005-6;147 Huang, 2007 
Sichuan Single IM NH4 20 2.472 Alkaline 825;17.3 2001;141 *Jiang et al., 2005 
Sichuan Single IM UN 150 1.663 Alkaline 860;16 2002-4;119-130 *Jiang et al., 2006a 
Sichuan Single IM UN 150 3.177 Alkaline 860;16 2002-4;119-130 *Jiang et al., 2006a 













Sichuan Single IM UN 150 1.496 Alkaline 860;16 2002-4;119-130 *Jiang et al., 2006a 
Sichuan Single IM UN 150 2.059 Alkaline 860;16 2002-4;119-130 *Jiang et al., 2006a 
Sichuan Single IM NH4 133 2.614 Alkaline 900;17.3 2002-3;119-124 *Jiang et al., 2006b 
Sichuan Single IM NH4 133 2.541 Alkaline 900;17.3 2002-3;119-124 *Jiang et al., 2006b 
Sichuan Single IM NH4 133 2.349 Alkaline 900;17.3 2002-3;119-124 *Jiang et al., 2006b 
Sichuan Single IM NH4 133 3.237 Alkaline 900;17.3 2002-3;119-124 *Jiang et al., 2006b 
Sichuan Single IM UN 150 3.018 UN 826;17.3 2004;111 *Wang, Y. et al., 2006 
Sichuan Single IM UN 150 3.085 UN 826;17.3 2004;111 *Wang, Y. et al., 2006 
Sichuan Single IM UN 150 2.899 UN 826;17.3 2004;111 *Wang, Y. et al., 2006 
Sichuan Single IM None 0 2.093 Alkaline 1000;16 2005-6;109 Yu et al., 2008 
Sichuan Single IM Urea 150 2.294 Alkaline 1000;16 2005-6;109 Yu et al., 2008 
Zhejiang Single IM None 0 0.352 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IM Urea 90 0.416 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IM Urea 180 0.423 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IM Urea 270 0.689 Acid 1168;15.9 2003;116 Huang et al., 2005 














Table S2. Transformed dataset for Rice N2O emission 
Key: Cropping season – Early: early season crop; Late: late season crop; Single: only one crop grown in season. 
Water regime- IM-Intermittant irrigation; IS:Intermittant saturation of soil; CF: continuous flooding. 
N fertilizer type - NH4: ammonium, AB: Ammonium bicarbonate; AS: Ammonium sulphate; Mix: compound fertilizer. 
UN:Unknown 
No soil texture data for rice 











(kg N/ ha/ 
season) 
Flux  
(kg N2O -N/ 
ha/season) 






Hubei Single Unknown Mix 210 4.720 Acid 1278.7–1442.6;16.8 2008;128 Ahmad et al., 2009 
Hubei Single Unknown Mix 210 3.570 Acid 1278.7–1442.6;16.8 2008;128 Ahmad et al., 2009 
Hubei Single Unknown None 0 0.480 Acid 1278.7–1442.6;16.8 2008;128 Ahmad et al., 2009 
Hubei Single Unknown None 0 0.374 Acid 1278.7–1442.6;16.8 2008;128 Ahmad et al., 2009 
Hunan Late Unknown None 0 0.622 Acid 1553.7;17.2 UN;99 Li et al., 2006 
Hunan Late Unknown None 0 0.622 Acid 1553.7;17.2 UN;99 Li et al., 2006 
Hunan Late Unknown None 0 0.622 Acid 1553.7;17.2 UN;99 Li et al., 2006 
Hunan Late Unknown Urea 528 1.400 Acid 1553.7;17.2 UN;99 Li et al., 2006 
Hunan Late Unknown Urea 430 0.933 Acid 1553.7;17.2 UN;99 Li et al., 2006 
Hunan Late Unknown Urea 528 1.556 Acid 1553.7;17.2 UN;99 Li et al., 2006 













Hunan Late Unknown None 0 0.232 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early Unknown None 0 0.991 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late Unknown None 0 0.232 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early Unknown None 0 0.991 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late Unknown None 0 0.232 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early Unknown Urea 150 1.932 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late Unknown Urea 180 1.189 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early Unknown Urea 150 1.354 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late Unknown Urea 180 2.014 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early Unknown Urea 150 1.382 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Late Unknown Urea 180 1.019 Acid 1350;17 2004;106-126 Qin et al., 2006 
Hunan Early CF None 0 0.040 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.000 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 -0.060 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 0.090 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.090 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 0.040 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 -0.03 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 -0.06 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 0.140 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.090 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 0.040 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 -0.030 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF None 0 -0.060 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS None 0 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 













Hunan Late IS None 0 0.090 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.130 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.210 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.210 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.310 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.380 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.130 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.260 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.200 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.140 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.210 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.000 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.110 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.130 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.040 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Early CF Urea 81 0.210 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Hunan Late IS Urea 102 0.300 Acid 1448;16.5 2007-2009;76-93 Shang et al., 2011 
Jiangsu Single IS AS 100 0.175 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS AS 300 0.981 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS None 0 0.137 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS None 0 0.137 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS None 0 0.137 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS None 0 0.137 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS Urea 100 0.169 Alkaline 1100;15.4 1994;105 Cai et al., 1997 
Jiangsu Single IS Urea 300 0.618 Alkaline 1100;15.4 1994;105 Cai et al., 1997 













Jiangsu Single IS None 0 0.597 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS None 0 0.597 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS None 0 0.597 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS Urea 110 0.772 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS Urea 200 0.665 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS Urea 210 0.739 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IS Urea 310 0.840 Acid 1012;15.1 1995;110 Cao et al., 1999 
Jiangsu Single IM None 0 0.760 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IM None 0 0.760 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IM None 0 0.760 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF None 0 0.030 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF None 0 0.030 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF None 0 0.030 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS None 0 0.600 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS None 0 0.600 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS None 0 0.600 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IM Urea 100 1.300 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IM Urea 200 1.800 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IM Urea 300 2.600 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF Urea 100 0.050 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF Urea 200 0.080 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF Urea 300 0.120 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS Urea 100 0.900 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS Urea 200 1.330 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single IS Urea 300 1.710 Acid 1250;15.9 2007-2008;120 Liu et al., 2010 
Jiangsu Single CF None 0 0.160 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single CF None 0 0.130 Acid 1250;15.9 2006;126 Wang et al., 2011 













Jiangsu Single Unknown None 0 0.200 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single CF Urea 220 0.550 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single CF Urea 240 0.280 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single Unknown Urea 220 0.680 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single Unknown Urea 240 0.340 Acid 1250;15.9 2006;126 Wang et al., 2011 
Jiangsu Single CF AS 100 -0.004 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF AS 300 0.051 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM AS 100 0.255 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM AS 300 1.882 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF None 0 0.007 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF None 0 0.007 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM None 0 0.211 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM None 0 0.211 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF None 0 0.007 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF None 0 0.007 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM None 0 0.211 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM None 0 0.211 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF Urea 100 -0.002 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single CF Urea 300 0.035 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM Urea 100 0.319 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM Urea 300 1.362 UN 582;13.1 2001;140 Xu et al., 2000 
Jiangsu Single IM None 0 0.760 Acid 1177;15.7 2009;123 Zhang et al., 2010 
Jiangsu Single IM None 0 0.550 Acid 1177;15.7 2009;123 Zhang et al., 2010 
Jiangsu Single IM None 0 0.600 Acid 1177;15.7 2009;123 Zhang et al., 2010 
Jiangsu Single IM Urea 300 1.990 Acid 1177;15.7 2009;123 Zhang et al., 2010 
Jiangsu Single IM Urea 359 1.190 Acid 1177;15.7 2009;123 Zhang et al., 2010 
Jiangsu Single IM Urea 536 0.980 Acid 1177;15.7 2009;123 Zhang et al., 2010 













Jiangsu Single IS AB 191 1.526 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS AB 191 1.723 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS AB 191 3.450 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.463 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.463 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.463 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.501 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.501 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS None 0 0.501 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS Urea 161 1.010 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IS Urea 191 1.916 Acid 1300;15.8 1994;159 Zheng et al., 2000 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM None 0 1.380 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM Urea 150 2.670 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM Urea 300 4.440 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM Urea 450 6.170 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM Urea 197 2.970 Acid 1100;18 2001;117 Zou et al., 2005 
Jiangsu Single IM Urea 272 3.790 Acid 1100;18 2001;117 Zou et al., 2005 
Liaoning Single IM None 0 1.210 UN 650;7.1 2004;138 Wang,C. et al., 2006b 
Liaoning Single IM Urea 150 1.800 UN 650;7.1 2004;138 Wang,C. et al., 2006b 
Sichuan Single IS None 0 2.093 Alkaline 1000;16 2005-6;109 Yu et al., 2008 
Sichuan Single IS Urea 150 2.294 Alkaline 1000;16 2005-6;109 Yu et al., 2008 
Zhejiang Single IS AS 90 0.416 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IS AS 180 0.423 Acid 1168;15.9 2003;116 Huang et al., 2005 













Zhejiang Single IS AS 360 1.240 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IS None 0 0.352 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IS None 0 0.352 Acid 1168;15.9 2003;116 Huang et al., 2005 
Zhejiang Single IS None 0 0.352 Acid 1168;15.9 2003;116 Huang et al., 2005 














Table S3: Non-transformed dataset for Mixed Crop N2O emission 
Key:- N fertilizer type: NH4: ammonium; NO3: nitrate; AS: Ammonium sulphate; Mix: Compound fertilizer. 
No years of experiments for mixed crops 
UN = Unknown. 
* No control (zero N applied) in experiment  
Site Crop type N 
Fertilizer 
type 
N fertilizer  














Beijing Corn None 0 0.120 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn None 0 0.259 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn Urea 150 0.362 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn Urea 150 0.557 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn Urea 300 0.856 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn Urea 300 1.450 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Corn None 0 0.199 UN;Alkaline 508;14 100 Zhang et al., 2006 
Beijing Corn Mix 150 1.015 UN;Alkaline 508;14 100 Zhang et al., 2006 
Beijing Corn Unknown 150 0.526 UN;Alkaline 508;14 100 Zhang et al., 2006 
Guangdong Fallow None 0 0.510 UN;UN 1700;23 100 Liu et al., 2007 
Guangdong Fallow None 0 1.300 UN;UN 1700;23 100 Liu et al., 2007 
Hebei Corn None 0 0.263 ClayLoam; Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat None 0 0.630 ClayLoam; Alkaline 510;13.5 120-240 Song et al., 1997 













Hebei Corn Urea 100 0.454 ClayLoam; Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat Urea 200 1.007 ClayLoam; Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat Urea 200 1.480 ClayLoam; Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat Unknown 207 1.165 SiltySand; Alkaline 481;12.3 220 *Wan et al., 2008 
Hebei Wheat Unknown 207 1.245 SiltySand; Alkaline 481;12.3 220 *Wan et al., 2008 
Hebei Wheat Unknown 207 1.755 SiltySand; Alkaline 481;12.3 220 *Wan et al., 2008 
Hebei Wheat Unknown 207 1.120 SiltySand; Alkaline 481;12.3 220 *Wan et al., 2008 
Hebei Wheat Unknown 207 2.802 SiltySand; Alkaline 481;12.3 220 *Wan et al., 2008 
Hebei Winter wheat None 0 0.189 ClayLoam; Alkaline 510;13.5 75 Wang et al., 1994 
Hebei Winter wheat Unknown 120 0.407 ClayLoam; Alkaline 510;13.5 75 Wang et al., 1994 
Hebei Fallow None 0 3.162 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Fallow None 0 3.793 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Cotton Unknown 213 1.768 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Cotton Unknown 265 1.991 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Corn None 0 0.750 Loam;Alkaline 481;12 107 Zhang et al., 2001 
Hebei Corn Urea 100 1.100 Loam;Alkaline 481;12 107 Zhang et al., 2001 
Hebei Corn Urea 200 0.880 Loam;Alkaline 481;12 107 Zhang et al., 2001 
Hebei Corn Urea 300 1.660 Loam;Alkaline 481;12 107 Zhang et al., 2001 
Heilongjiang Corn Urea 144 2.973 SandyLoam;Neutral 520;3 163 *Liang et al., 2004 
Heilongjiang Corn Urea 144 0.751 SandyLoam;Neutral 520;3 163 *Liang et al., 2004 
Heilongjiang Corn Mix 144 1.103 SandyLoam;Neutral 520;3 163 *Liang et al., 2004 
Heilongjiang Fallow None 0 0.760 SandyLoam;Neutral 520;3 163 Liang et al., 2007 
Heilongjiang Fallow None 0 0.913 SandyLoam;Neutral 520;3 163 Liang et al., 2007 
Heilongjiang Fallow None 0 0.668 SandyLoam;Neutral 520;3 163 Liang et al., 2007 
Heilongjiang Fallow None 0 1.037 SandyLoam;Neutral 520;3 163 Liang et al., 2007 
Helongjiang Fallow None 0 1.814 UN;Acid 570;3 85-280 Chen et al., 2008 
Helongjiang Fallow None 0 2.473 UN;Acid 570;3 85-280 Chen et al., 2008 













Helongjiang Spring wheat Unknown 150 6.181 UN;Acid 570;3 85-280 Chen et al., 2008 
Helongjiang Spring wheat Unknown 150 3.121 UN;Acid 570;3 85-280 Chen et al., 2008 
Helongjiang Spring wheat Unknown 150 2.366 UN;Acid 570;3 85-280 Chen et al., 2008 
Henan Fallow None 0 0.042 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Fallow None 0 0.064 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Fallow None 0 0.098 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Fallow None 0 0.081 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize None 0 0.437 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat None 0 0.157 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize Urea 150 2.008 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize Urea 150 1.109 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat Urea 150 0.394 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat Urea 150 0.769 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize Urea 250 3.780 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat Urea 250 0.602 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Fallow None 0 0.012 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.032 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.031 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.023 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.023 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.041 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Fallow None 0 0.012 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.076 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.434 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.061 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.062 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.390 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 













Henan Maize Urea 75 0.555 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 75 0.232 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.503 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.415 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.371 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.241 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.147 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.181 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Soybean None 0 0.570 SandyLoam 650;13.9 50-210 Xu et al., 2000 
Henan Peanut None 0 1.000 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Corn None 0 0.750 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Cotton None 0 0.630 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Soybean Urea 150 2.420 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Peanut Urea 150 2.780 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Corn Urea 150 3.120 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Cotton Urea 150 1.480 SandyLoam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Wheat  Urea 235 1.200 Sandy;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Wheat Urea 235 1.912 Loam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Wheat Urea 235 0.650 Clay;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Cotton Urea 276 1.761 Sandy;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Cotton Urea 276 2.703 Loam;Alkaline 650;13.9 50-210 Xu et al., 2000 
Henan Cotton Urea 276 1.069 Clay;Alkaline 650;13.9 50-210 Xu et al., 2000 
Hubei Oil rape None 0 0.264 SiltyClay;Acid 1577;16.8 181 Ruan, 2007 
Hubei Oil rape Mix 75 0.855 SiltyClay;Acid 1577;16.8 181 Ruan, 2007 
Hubei Oil rape Mix 150 1.387 SiltyClay;Acid 1577;16.8 181 Ruan, 2007 
Hubei Oil rape Mix 225 1.676 SiltyClay;Acid 1577;16.8 181 Ruan, 2007 
Hunan Wheat Unknown 150 1.632 HeavyLoam;UN 500;18 200 *Bai et al., 2003 













Hunan Wheat Unknown 150 1.056 HeavyLoam;UN 500;18 200 *Bai et al., 2003 
Hunan Wheat Unknown 150 1.440 HeavyLoam;UN 500;18 200 *Bai et al., 2003 
Inner 
Mongolia 
Fallow None 0 0.592 UN;Neutral 389;1.9 122 Zhang et al., 2008 
Inner 
Mongolia 
Fallow Urea 50 0.636 UN;Neutral 389;1.9 122 Zhang et al., 2008 
Inner 
Mongolia 
Fallow Urea 100 0.837 UN;Neutral 389;1.9 122 Zhang et al., 2008 
Inner 
Mongolia 
Fallow Urea 150 1.065 UN;Neutral 389;1.9 122 Zhang et al., 2008 
Jiangsu Bean None 0 5.760 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat None 0 2.400 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat None 0 2.520 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Urea 200 4.080 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Urea 200 4.140 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Urea 200 4.140 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Urea 200 4.380 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Maize Urea 300 10.440 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Urea 138 2.808 SiltySand;Acid 1018;15.1 195 *Ma et al., 2007 
Jiangsu Wheat Urea 138 3.182 SiltySand;Acid 1018;15.1 195 *Ma et al., 2007 
Jiangsu Wheat Urea 138 2.293 SiltySand;Acid 1018;15.1 195 *Ma et al., 2007 
Jiangsu Wheat Urea 138 2.012 SiltySand;Acid 1018;15.1 195 *Ma et al., 2007 
Jiangsu Greens None 0 0.672 Clay;UN 1150;16 80 Yao et al., 2006 
Jiangsu Lettuce None 0 0.799 Clay;UN 1150;16 90 Yao et al., 2006 
Jiangsu Wheat None 0 0.958 Clay;UN 1150;16 210 Yao et al., 2006 
Jiangsu Wheat None 0 1.058 Clay;UN 1150;16 210 Yao et al., 2006 
Jiangsu Fallow None 0 1.234 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 













Jiangsu Wheat None 0 3.102 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 
Jiangsu Wheat Mix 162 4.187 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 
Jiangsu Wheat Mix 191 3.739 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 
Jiangsu Wheat Mix 192 5.247 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 
Jiangsu Wheat Mix 192 4.632 ClayLoam;Acid 1300;15.8 206 Zheng et al., 2000 
Jiangsu Wheat None 0 1.903 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 100 2.898 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 150 3.246 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 200 3.864 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 225 3.600 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 300 4.362 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangxi Fallow None 0 0.382 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Pea  None 0 0.286 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peanut None 0 0.518 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Soybean None 0 0.638 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Upland rice None 0 0.477 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Oil rape None 0 0.486 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Fallow None 0 0.430 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Vetch None 0 0.708 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Soybean Urea 35 0.859 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Pea Urea 52 0.415 Clay,Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peanut Urea 104 0.865 Clay,Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Upland rice Urea 104 0.612 Clay,Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Oil rape Urea 104 0.586 Clay,Acid 1770;18 113-173 Xiong et al., 2002 
Liaoning Fallow None 0 1.056 Clay,Acid 650;7.1 265 Chen et al., 1995 
Liaoning Fallow None 0 0.078 Clay,Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Corn None 0 0.203 Clay;Acid 650;7.1 40-273 Huang et al., 1995 













Liaoning Fallow Urea 35 0.415 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Spring wheat Urea 35 0.087 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Corn Urea 180 2.615 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Soybean Urea 276 1.772 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Maize Urea 345 5.077 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Fallow Urea 350 1.130 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Corn Urea 350 3.390 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Liaoning Corn Urea 180 3.769 Clay;Acid 650;7.1 40-273 Huang et al., 1998 
Liaoning Corn NH4 180 3.225 Clay;Acid 650;7.1 40-273 Huang et al., 1998 
Liaoning Wheat None 0 0.777 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Corn None 0 1.043 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Fallow Unknown 50 1.186 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Fallow Unknown 50 1.078 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Bean Unknown 50 2.709 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Bean Unknown 50 1.938 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Fallow Mix 150 0.689 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Fallow Mix 150 4.869 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Wheat Mix 150 0.845 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Corn Mix 150 4.262 Loam;Acid 675;7 76-171 Wang,C. et al., 2006a 
Liaoning Corn Urea 120 1.180 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 120 2.190 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 120 4.110 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 120 1.560 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 120 3.010 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 180 2.390 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 180 5.150 Loam;Neutral 675;7.1 185 *Yang et al., 2007 
Liaoning Corn Urea 180 7.050 Loam;Neutral 675;7.1 185 *Yang et al., 2007 













Shaanxi Fallow Urea 150 0.560 UN;UN 500;13.6 135 *Li et al., 2007 
Shaanxi Wheat Urea 150 1.427 UN;UN 500;13.6 135 *Li et al., 2007 
Shaanxi Corn None 0 0.041 UN;Alkaline 550;11 25 Liang et al, 2002a 
Shaanxi Corn NO3 180 0.094 UN;Alkaline 550;11 25 Liang et al, 2002a 
Shaanxi unknown NO3 450 1.100 UN;Alkaline 550;11 25 Liang et al, 2002a 
Shaanxi Unknown None 0 0.416 UN;UN 550;11 83 Liang et al, 2002b 
Shaanxi Unknown NO3 75 0.691 UN;UN 550;11 83 Liang et al, 2002b 
Shaanxi Unknown NO3 150 1.399 UN;UN 550;11 83 Liang et al, 2002b 
Shaanxi Unknown NO3 300 1.389 UN;UN 550;11 83 Liang et al, 2002b 
Shaanxi Corn None 0 0.415 UN;Neutral 550;3 220 Liang et al., 2007 
Shaanxi Corn NO3 180 0.534 UN;Neutral 550;3 220 Liang et al., 2007 
Shandong Wheat None 0 0.004 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Corn None 0 0.171 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Corn None 0 0.052 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat None 0 0.074 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Wheat Urea 210 1.000 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat Urea 210 1.059 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Corn Urea 210 1.159 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Corn Urea 210 2.194 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Corn Urea 210 1.231 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Corn Urea 210 2.218 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat Urea 210 0.871 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Wheat Urea 210 0.684 SandyLoam;Alkaline 608;13.1 120-210 Dong et al., 2001 
Shandong Corn Mix 300 1.809 Silty Sand;Alkaline 610;13.1 124 *Sun et al., 2008 
Shandong Fallow None 0 0.882 Clay;Neutral 1000;15.3 110-245 Xu et al., 2002 
Shandong Fallow None 0 1.440 Clay;Neutral 1000;15.3 110-245 Xu et al., 2002 
Shandong Bean Urea 31 1.152 Clay;Neutral 1000;15.3 110-245 Xu et al., 2002 













Shandong Wheat Urea 123 1.260 Clay;Neutral 1000;15.3 110-245 Xu et al., 2002 
Shandong Corn Urea 138 2.402 Clay;Neutral 1000;15.3 110-245 Xu et al., 2002 
Shandong Bean Mix 53 2.783 Loam;Alkaline 538;13 102-150 *Ye et al., 2005 
Shandong Corn Mix 113 5.031 Loam;Alkaline 538;13 102-150 *Ye et al., 2005 
Shandong Cotton Mix  225 2.430 Loam;Alkaline 538;13 102-150 *Ye et al., 2005 
Shandong Wheat Unknown 280 1.340 Loam;UN 688;13 240 *Zhao et al., 2008 
Shandong Wheat Unknown 280 1.487 Loam;UN 688;13 240 *Zhao et al., 2008 
Shandong Wheat Unknown 280 1.423 Loam;UN 688;13 240 *Zhao et al., 2008 
Shandong Wheat Unknown 280 1.642 Loam;UN 688;13 240 *Zhao et al., 2008 
Shandong Wheat Unknown 280 1.592 Loam;UN 688;13 240 *Zhao et al., 2008 
Shandong Wheat Unknown 280 1.334 Loam;UN 688;13 240 *Zhao et al., 2008 
Shanghai Wheat None 0 3.028 Clay;Acid 650;7.1 40-273 Huang et al., 1995 
Shanghai Wheat Mix 229 4.770 Clay;Acid 650;7.1 40-273 Huang et al., 1995  
Shanxi Corn Urea 116 1.227 UN;UN 1700;22.8 100 *Liu et al., 2007 
Shanxi Corn Mix 330 1.693 UN;UN 1700;22.8 100 *Liu et al., 2007 
Sichuan Follow None 0 0.646 SiltySand;Alkaline 860;16 246 Jiang et al., 2006a 
Sichuan Fallow None 0 0.937 SiltySand;Alkaline 900;17.3 246 Jiang et al., 2006a 
Sichuan Fallow None 0 0.734 SiltySand;Alkaline 900;17.3 246 Jiang et al., 2006a 
Sichuan Oil rape Urea 100 6.417 SiltySand;Alkaline 900;17.3 246 Jiang et al., 2006a 
Sichuan Wheat Unknown 150 3.332 SiltySand;Alkaline 860;16 246 Jiang et al., 2006a 
Sichuan Rape Unknown 150 4.085 SiltySand;Alkaline 860;16 246 Jiang et al., 2006a 
Sichuan Wheat Urea 150 5.237 SiltySand;Alkaline 900;17.3 246 Jiang et al., 2006a 
Sichuan Oil rape None 0 3.629 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Wheat None 0 2.894 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Fallow Unknown 50 2.376 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Oil rape Unknown 50 4.968 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Fallow Unknown 150 1.944 UN;Alkaline 1000;16 180 Jin et al., 2007 













Sichuan Corn None 0 0.704 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn None 0 0.720 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn Urea 150 1.467 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn Urea 150 1.400 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn NH4 150 1.206 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn NO3 150 0.851 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Corn Urea 250 1.688 SiltySand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Fallow None 0 0.336 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Fallow None 0 0.295 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Fallow None 0 0.295 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Oil rape None 0 3.917 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Fallow Urea 150 2.304 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Oil rape Urea 150 5.396 UN;Alkaline 1000;16 41-192 Yu et al., 2008 
Sichuan Fallow None 0 2.189 UN;Alkaline 1000;16 190 Zhang et al., 2007 
Sichuan Oil rape None 0 3.466 UN;Alkaline 1000;16 190 Zhang et al., 2007 
Sichuan Oil rape Unknown 188 5.426 UN;Alkaline 1000;16 190 Zhang et al., 2007 
Yunnan Fallow None 0 2.786 ClayLoam;Neutral 874;18.7 95-99 Lu et al., 2008 
Yunnan Fallow None 0 2.656 SandyLoam;Neutral 874;18.7 95-99 Lu et al., 2008 
Yunnan Celery None 0 3.073 ClayLoam;Neutral 874;18.7 95-99 Lu et al., 2008 
Yunnan Celery None 0 3.673 SandyLoam;Neutral 874;18.7 95-99 Lu et al., 2008 
Yunnan Celery Mix 450 5.253 ClayLoam;Neutral 874;18.7 95-99 Lu et al., 2008 














Table S4. Transformed dataset for Upland Crop N2O emission 
Abbreviation: Nitrogen fertilizer type: NH4: ammonium; NO3: nitrate; AB: Ammonium bicarbonate; Mix: compound fertilizer. 
No years of experiments for mixed crops. 
UN = Unknown. 
* No control (zero N applied) in experiment  


















Beijing Maize None 0 0.120 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize None 0 0.120 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize None 0 0.120 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize None 0 0.120 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize Urea 150 0.362 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize Urea 300 0.856 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize Urea 150 0.557 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize Urea 300 1.450 Loam;Alkaline 577;14 49 Liu et al., 2004 
Beijing Maize Mix 150 0.526 UN;Alkaline 508;14 100 Zhang et al., 2006 
Beijing Maize None 0 0.199 UN;Alkaline 508;14 100 Zhang et al., 2006 
Hebei Maize None 0 0.263 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat None 0 0.630 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Maize None 0 0.263 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 













Hebei Maize Urea 100 0.545 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat Urea 200 1.007 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Maize Urea 100 0.454 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat Urea 200 1.480 ClayLoam;Alkaline 510;13.5 120-240 Song et al., 1997 
Hebei Wheat None 0 0.189 ClayLoam;Alkaline 510;13.5 75 Wang et al., 1994 
Hebei Wheat Unknown 120 0.407 ClayLoam;Alkaline 510;13.5 75 Wang et al., 1994 
Hebei Wheat-Maize None 0 3.744 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Wheat-Maize None 0 3.744 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Wheat-Maize Unknown 135 5.191 UN;UN 514;13.2 150-365 Wang et al., 2008 
Hebei Wheat-Maize Unknown 270 6.156 UN;UN 514;13.2 150-365 Wang et al., 2008 
Henan Maize None 0 0.437 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat None 0 0.157 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize None 0 0.437 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat None 0 0.157 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize Urea 150 2.008 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat Urea 150 0.394 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize Urea 250 3.780 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Wheat Urea 250 0.602 SandyLoam;Alkaline 615;13.9 104-237 Ding et al., 2007 
Henan Maize None 0 0.076 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.062 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.076 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.062 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.076 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.062 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.076 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat None 0 0.062 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.555 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 













Henan Maize Urea 150 0.503 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.241 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.415 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.147 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize Urea 150 0.371 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Wheat Urea 150 0.181 SandyLoam;Alkaline 615;13.9 102-236 Meng et al., 2005 
Henan Maize None 0 0.210 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Henan Maize None 0 0.240 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Henan Maize None 0 0.230 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Henan Maize Urea 300 1.220 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Henan Maize Urea 418 1.090 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Henan Maize Urea 536 0.710 Loam;Alkaline 780;13.9 101 Zhang et al., 2011 
Hubei Rape None 0 0.160 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hubei Rape None 0 0.160 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hubei Rape None 0 0.160 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hubei Rape Urea 60 0.480 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hubei Rape Urea 120 0.760 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hubei Rape Urea 240 0.900 SandyLoam;Acid 1577;16.8 177 Lin et al., 2011 
Hunan Wheat None 0 0.120 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize None 0 0.089 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat None 0 0.102 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize None 0 0.089 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat None 0 0.102 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize None 0 0.089 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat None 0 0.102 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize None 0 0.089 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat Urea 90 0.108 UN;Acid 1454;18.6 187 Zhai et al., 2011 













Hunan Wheat Urea 90 0.204 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize Urea 210 0.172 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat Urea 90 0.204 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize Urea 210 0.235 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Hunan Wheat Urea 180 0.509 UN;Acid 1454;18.6 187 Zhai et al., 2011 
Hunan Maize Urea 420 0.904 UN;Acid 1454;18.6 107 Zhai et al., 2011 
Jiangsu Wheat None 0 4.000 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat None 0 4.200 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat None 0 6.900 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Unknown 200 6.800 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Unknown 200 6.900 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat Unknown 200 7.300 Clay;Acid 1107;15.4 120-180 Chen et al., 2005 
Jiangsu Wheat None 0 0.960 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 0.960 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 0.960 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.200 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.200 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.200 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.510 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.510 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat None 0 1.510 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 75 1.810 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 150 2.410 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 250 3.880 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 75 3.920 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 150 4.930 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 250 6.070 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 













Jiangsu Wheat Urea 150 3.850 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Urea 250 5.780 SiltyClay;Neutral 1250;15.9 245 Liu et al., 2010 
Jiangsu Wheat Mix 225 2.240 SiltyClay;Neutral 1250;15.9 245 Yao et al., 2009 
Jiangsu Wheat None 0 0.880 SiltyClay;Neutral 1250;15.9 245 Yao et al., 2009 
Jiangsu Wheat None 0 2.840 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat None 0 2.840 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat None 0 2.840 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat None 0 2.840 SiltyClay;Acid 1100;18 219 Zou et al.,2005 
Jiangsu Wheat None 0 2.840 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 100 4.830 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 200 6.440 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 300 7.270 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 168 5.410 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangsu Wheat Urea 243 6.600 SiltyClay;Acid 1100;18 219 Zou et al., 2005 
Jiangxi Upland rice None 0 0.477 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Rape None 0 0.496 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peanuts None 0 0.520 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peas None 0 0.286 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Soybean None 0 0.638 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Upland rice Urea 104 0.612 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Rape Urea 104 0.586 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peanuts Urea 104 0.865 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Peas Urea 52 0.415 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Jiangxi Soybean Urea 35 0.859 Clay;Acid 1770;18 113-173 Xiong et al., 2002 
Liaoning Wheat None 0 0.494 Loam;Acid 675;7 76-171 Wang, C. et al., 
2006a 














Liaoning Wheat Unknown 150 0.537 Loam;Acid 675;7 76-171 Wang, C. et al., 
2006a 
Liaoning Maize Unknown 150 2.712 Loam;Acid 675;7 76-171 Wang, C. et al., 
2006a 
Shaanxi Maize None 0 0.207 UN;Neutral 550;3 220 Liang et al., 2007 
Shaanxi Maize Unknown 180 0.424 UN;Neutral 550;3 220 Liang et al., 2007 
Shaanxi Wheat None 0 1.840 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat None 0 1.561 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat None 0 1.840 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat None 0 1.561 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat None 0 1.840 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat None 0 1.561 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 120 5.575 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 120 5.742 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 120 4.237 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 120 4.237 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 267 4.237 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shaanxi Wheat Urea 267 4.348 UN;UN 358-509;9.6-10.8 365 Wei et al., 2010 
Shandong Wheat-Maize None 0 0.100 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize None 0 0.139 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize None 0 0.100 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize None 0 0.139 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize Unknown 210 2.943 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize Unknown 210 3.155 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize Unknown 310 3.852 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shandong Wheat-Maize Unknown 310 3.155 SandyLoam;Alkaline 608;14.1 120-210 Dong et al., 2001 
Shanxi Maize None 0 1.010 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 













Shanxi Maize None 0 1.010 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat None 0 0.480 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize None 0 1.010 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat None 0 0.480 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize None 0 1.010 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat None 0 0.480 ClayLoam;Alkaline 559;14.7 
 
239 Liu et al., 2011 
Shanxi Maize None 0 1.010 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat None 0 0.480 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize Urea 75 1.610 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat Urea 60 0.480 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize Urea 150 2.000 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat Urea 120 0.590 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize Urea 250 2.720 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat Urea 180 0.790 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize Urea 350 4.210 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat Urea 300 0.910 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Shanxi Maize Urea 450 4.490 ClayLoam;Alkaline 559;14.7 121 Liu et al., 2011 
Shanxi Wheat Urea 400 1.080 ClayLoam;Alkaline 559;14.7 239 Liu et al., 2011 
Sichuan Rape None 0 3.629 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Wheat None 0 2.894 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Rape Unknown 50 4.968 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Wheat Unknown 150 3.413 UN;Alkaline 1000;16 180 Jin et al., 2007 
Sichuan Maize AS 150 1.206 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize None 0 0.704 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize None 0 0.704 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize None 0 0.720 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 













Sichuan Maize None 0 0.720 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize Unknown 150 0.851 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize Urea 150 1.467 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize Urea 250 1.688 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Maize Urea 150 1.400 Silty Sand;Alkaline 860;17.3 120 Xiang et al., 2007 
Sichuan Rape None 0 2.205 Silty Sand;Alkaline 860;17.3 120 Zhang et al., 2007 
















Table S5. Transformed dataset for Lowland Horticulture N2O emission 
Abbreviation: Nitrogen fertilizer type: NH4: ammonium; NO3: nitrate; AB: Ammonium bicarbonate; Mix: compound fertilizer. 
UN:Unknown 
No soil pH information for vegetables 
* No control (zero N applied) in experiment  

























Shaanxi Unknown None 0 0.265 UN;UN 550;11 83 Liang et al., 2002b 
Shaanxi Unknown  Unknown 75 0.440 UN;UN 550;11 83 Liang et al., 2002b 
Shaanxi Unknown  Unknown 100 0.890 UN;UN 550;11 83 Liang et al., 2002b 
Shaanxi Unknown  Unknown 300 0.884 UN;UN 550;11 83 Liang et al., 2002b 
Shaanxi Unknown  Unknown 450 0.700 UN;UN 550;11 83 Liang et al., 2002b 
Jiangsu Chinese cabbage None 0 1.770 UN;Alkaline UN;UN 93 Cao et al., 2006 
Jiangsu Chinese cabbage Urea 600 11.100 UN;Alkaline UN;UN 93 Cao et al., 2006 








Urea 650 15.100 ClayLoam;UN 1269;16.63 243 Cui et al., 2011 
Jiangsu Tomato None 0 0.900 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 













Jiangsu Tomato Urea & manure 318 1.900 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Tomato Urea & manure 378 2.900 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Cucumber None 0 1.200 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Cucumber Urea & manure 240 2.0000 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Cucumber Urea & manure 294 2.000 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Cucumber Urea & manure 348 2.800 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Celery None 0 1.200 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Celery Urea & manure 258 2.100 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Celery Urea & manure 318 2.600 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Celery Urea & manure 378 2.600 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Tomato None 0 1.000 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Tomato Urea & manure 258 1.400 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Tomato Urea & manure 318 1.800 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Jiangsu Tomato Urea & manure 378 2.500 SandyClayLoam;Acid 1000-1200;12-16 82-139 Min et al., 2012 
Hubei Pepper None 0 0.290 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 90 0.680 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 180 3.600 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 270 2.300 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 360 4.100 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Radish None 0 0.170 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Radish Urea 60 0.440 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 120 3.120 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Radish Urea 180 1.260 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Radish Urea 240 3.400 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth None 0 0.180 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth Urea 60 0.380 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 120 2.890 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 













Hubei Amaranth Urea 240 3.330 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Spinach None 0 0.050 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Spinach Urea 40 0.170 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 80 2.920 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Spinach Urea 120 0.800 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Spinach Urea 160 1.770 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 0 0.500 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 90 0.770 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 180 6.100 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 270 2.630 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Pepper Urea 360 7.540 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth None 0 0.190 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth Urea 60 0.450 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Bare Urea 120 2.900 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth Urea 180 1.750 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Hubei Amaranth Urea 240 5.120 ClayLoam;Acid 979.8;16.63 UN Qiu et al., 2010 
Jiangsu Lettuce None 0 0.360 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Lettuce Urea & manure 499 4.980 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Chinese cabbage None 0 0.400 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Chinese cabbage Urea 193 1.660 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Chinese cabbage None 0 0.200 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Green vegetables Urea 232 0.480 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jinagsu Green vegetables None 0 0.320 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
Jiangsu Green vegetables Urea 232 0.910 ClayLoam;Acid 1080;16 UN Jia et al., 2012 
 
 
 
